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(57) ABSTRACT 

A multi-layer microwave resonator (10) comprises a cavity 
(12) having an inner siuface formed from an electrically 
conductive material. Pieces (16a-16c) of dielectric materials 
stacked on top of each other form a conriguous body (14) 
that is provided in the cavity (12). The dielectric materials of 
the pieces (16a-16^) are chosen such that the dielectric 
constant of the pieces (16fl-16e) alternate between a rela- 
tively high dielectric constant and a relatively low dielectric 
constant. 

17 Claims, 7 Drawing Sheets 




U.S. Patent 



Apr. 19, 2005 



Sheet 1 of 7 



US 6,882,252 Bl 



20a 




U.S. Patent Apr. 19, 2005 sheet 2 of 7 



US 6,882,252 Bl 




U.S. Patent Apr. 19, 2005 sheet 3 of 7 US 6,882,252 Bl 




U.S. Patent 



Apr. 19, 2005 Sheet 4 of 7 



US 6,882,252 Bl 



220a 




220b 



U.S. Patent Apr. 19, 2005 sheet 5 of 7 US 6,882,252 Bl 



320a 




B 



U.S. Patent Apr. 19, 2005 sheet 6 of 7 



US 6,882,252 Bl 




U.S. Patent Apr. 19, 2005 sheet 7 of 7 



US 6,882,252 Bl 



520a 




us 6,882,252 Bl 



MULTI-LAYER MICROWAVE RESONATOR 

This application is a 371 of International Application No. 
PCT/AUOO/01579, filed on Dec. 21, 2000, which designated 
the United States and which is published in English. 

RELD OF THE INVENTION 

This invention relates to a multi-layer microwave reso- 
nator. In this respect, the term 'microwave' is used in this 
specification to denote the range of frequencies that the 
invention may be useful, and includes microwave 
frequencies, millimetre wave frequencies and quasi-optical 
frequencies, in the frequency range of 1 GHz to 100 GHz. 

BACKGROUND ART 

Modem radar and teleconmiunications systems require 
high frequency signal sources and signal processing systems 
with stringent performance requirements and extremely 
good spectral purity. Thus, there is a need for signal pro- 
cessing systems and signal sources with ever increasing 
spectral purity, stability and power-handling requirements. 

Resonators, by their nature, provide discrimination of 
wanted signals from unwanted signals. The purity and 
stability of the signals produced is directly linked to the 
resonator used as the frequency determining device and is 
dependant upon its Q-factor, power handling ability and its 
immunity to vibrational and temperature related effects. 

It is known that a piece of dielectric material has self- 
resonant modes in the electromagnetic spectrum that are 
determined by its dielectric constant and physical dimen- 
sions. The spectral properties of a given mode in a piece of 
dielectric material are determined by the intrinsic properties 
of the dielectric material, its geometric shape, the radiation 
pattern of the mode and properties and dimensions of the 
materials surrounding or near the dielectric material. 

Prior art resonators have traditionally relied on metallic 
cavities containing no dielectric material, or on metallic 
cavities containing a dielectric material which were limited 
in Q-factor by the properties and dimensions of the metallic 
cavities. These prior art resonators were commonly operated 
at cryogenic temperatures in order to obtain a better 
Q-factor. However, to maintain cryogenic temperatures 
requires equipment which is cumbersome and difficult to 
incorporate into a portable or compact apparatus. 

U.S. Pat. No. 5,712,605 to Hory and T^ber describes a 
resonator structure that seeks to address these problems. The 
resonator described in U.S. Pat. No. 5,712,605 is a complex 
stack of hollow cylinders and flat discs formed of dielectric 
material. The cylinders and discs are enclosed within a metal 
cavity, with the hollow cylinders and discs forming a series 
of axially aligned cavities. The length of the cylinders and 
the diameter of the discs determine the operating mode of 
the resonator. The resonator is described as offering a high 
Q-factor. 

Although the resonator described in U.S. Pat. No. 5,712, 
605 offers a high Q-factor, there are several disadvantages 
associated with the resonator structure. These include the 
difficulty of manufacture and its sensitivity to vibration. The 
device is difficult to manufacture because the hollow cylin- 
ders must be perfectly coaxial or the operation of the 
resonator will be significantly-impaired. Further, because the 
resonant cavities are defined by the dielectric discs and 
hollow cylinders, any vibration or movement induced in one 
or more of the dielectric hollow cylinders or discs will result 
in a corresponding change in the shape of the resonant 



cavity, with a resulting change in the resonant frequency. 
This is referred to as mode breaking and has limited the 
usefulness of this resonator structure. 
C. J. Maggiore et al describe a further resonator structure 
5 in their paper "Low-loss microwave cavity using layered- 
dielectric materials", Appl. Phys. Lett. Vol 64 No 11, pl45L 
This resonator comprises a hollow, cylindrical copper cavity 
with one to four circular dielectric plates placed in parallel 
and axially spaced within the cavity. The Q-factor of the 
10 resonator was observed by Maggiore et al to increase as 
more dielectric plates were used. 

Maggiore et al acknowledge at pi 45 3 that although the 
Q-factor of the resonator at room temperature is high enough 
to have application to frequency stabilised oscillators, it will 
be necessary to thermally stabilise the cavity. This is because 
the dielectric plates are held in the cavity by means of 
circumferential grooves cut in the cavity wall. Copper has a 
thermal expansion coefficient of 16.8x10**; thus a 1° Cel- 
sius temperature change will produce a 3.5 MHz change in 
operating frequency of a 19 GHz resonator, which is due to 
the change in spacing between the dielectric plates resulting 
from the expansion/contraction of the copper cavity. 
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Throughout the specification, unless the context requires 
otherwise, the word "comprise" or variations such as "com- 
prises" or "comprising", will be understood to imply the 
inclusion of a stated integer or group of integers but not the 
30 exclusion of any other integer or group of integers. 

In accordance with one aspect of this invention, there is 
provided a multi-layer microwave resonator, comprising: 
a cavity having an inner surface formed from an electri- 
cally conductive material; 
a plurality of pieces of dielectric materials stacked on top 
of each other to form a contiguous body, the body being 
provided in the cavity; 
wherein the dielectric materials of the pieces are chosen 
such that the dielectric constant of the pieces alternate 
between a relatively high dielectric constant and a 
relatively low dielectric constant 
Preferably, the dielectric materials of the pieces are cho- 
sen such that the thermal coefficient of dielectric constant of 
the pieces alternate between a positive thermal coefficient of 
dielectric constant and a negative thermal coefficient of 
dielectric constant. 

Preferably, the body includes a central piece of dielectric 
material having a relatively low dielectric constant. 

Preferably, the central piece has a length substantially 
conmiensurate with an integer multiple of one-half wave- 
length of a desired operating frequency in the dielectric 
material. 

In one arrangement of the invention: 
the body is formed of three pieces of dielectric materials, 
arranged as a central piece of a first dielectric material 
and two end pieces of a second dielectric material, the 
central piece being provided between the two end 
pieces; 

60 the central piece of dielectric material having a length 
substantially conmiensurate with an integer multiple of 
one half wavelength of a desired operating firequency in 
said first dielectric material; 
each end piece having a length substantially conunensu- 

65 rate with an odd integer multiple of one-half wave- 
length of the desired operating frequency in the second 
dielectric material; 
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the dielectric constant of the second dielectric material between pieces formed from the first dielectric material 

being greater than the dielectric constant of the first and pieces formed from the second dielectric material. 

dielectric material. Preferably, each intermediate piece formed from the sec- 

A preferred form of this arrangement further comprises: ond dielectric material has an aperture formed centrally 

an even plurality of intermediate pieces of dielectric 5 therein. 

materials provided between the central piece and each Preferably, each intermediate piece formed from the first 

end piece* dielectric material has an aperture formed centrally therein, 

each intermediate piece being formed from either the first Preferably, the central piece has an aperture formed 

dielectric material or the second dielectric material; centi^ly Aerem. ^ . ^ ^ , 

, . , ^, i_ 11 10 Preferably, each end piece formed has an aperture formed 

each mtermediate piece having a length substantially centrally therein 

commensurate with an odd integer multiple of one- preferably, the central piece has an opening formed 

quarter wavelength of the desired operatirig frequency ^^^.^ substances. 

in whichever of the first or second dielectnc material p^ferably, the first dielectric material is sapphire. 

the mtermediate piece of formed from; Preferably, the second dielectric material is rutile. 

the intermediate pieces provided between the central Preferably, the pieces of dielecuic material are substan- 

piece and each end piece comprise an equal number of ^^jy cylindrical. 

intermediate pieces formed from the first dielectric Preferably, the cavity comprises a cylindrical waU and 

material and intermediate pieces formed from the sec- ^nds, the body being contained between the ends of the 

ond dielectric matenal; 20 cavity, 

the intermediate pieces being arranged such that the in one arrangement, the cylindrical wall is spaced from 

pieces of dielectric materials forming the body alternate the body. 

between pieces formed from the second dielisctric in an alternative arrangement, the cylindrical wall abuts 

material and pieces formed from the first dielectric ^he body, 
material. 25 

In an alternative arrangement of the invention: BRIEF DESCRIPTION OF THE DRAWINGS 

the body is formed of five pieces of dielectric materials, The invention will be better understood with reference to 

arranged as a central piece of a first dielectric material, the following description of six specific embodiments 

two intermediate pieces of a second dielectric material thereof and the accompanying drawings, which; 

and two end pieces of the first dielectric material, the 30 pjcs. l{d) and 1(b) are elevation and plan cross-sections, 

central piece being provided between the two interme- respectively, of a multi-layer microwave resonator in accor- 

diate pieces, the central piece and the intermediate ^jg^ce with a first aspect of this invention; 

pieces being provided between the two end pieces; ^(i,) are elevation and plan cross-sections, 

the central piece of dielectric matenal havmg a length respectively, of a multi-layer microwave resonator in accor- 

substantially conunensurate with an integer multiple of 35 ^^^^ ^-^^ ^ second embodiment of tiiis invention; 

one-half wavelengtii of a desired operating frequency ^(c) is an elevation cross-section of the muti-player 

m said first dielectnc matenal; microwave resonator shown in FIGS. 2(a) and 2{b) showing 

each intermediate piece having a lengtii substantially distribution of electromagnetic fields within the micro- 

conunensurate with an odd integer multiple of one- wave resonator* 

quarter wavelength of the desired operating frequency 40 ^^^^ ^^^^ ^^^^^^^ cross-sections 

in die second dielectnc matenal; ^ multi-layer microwave resonator in accordance with a 

each end piece having a length substantially conmiensu- embodiment of this invention; FIGS. 4(a) and 4(b) are 

rate with an odd integer multiple of one-quarter wave- elevation and plan cross-sections of a multi-layer microwave 

length of the desired operating frequency in die first resonator in accordance witii a fourth embodiment of the 

dielectric material; invention, in which FIG. 4(a) also includes a illustrative 

the dielectric constant of the second dielectric material representation of electromagnetic fields within the micro- 
being greater than the dielectric constant of the first wave resonator; 

dielectric material. piGS. 5(a) and S(b) are elevation and plan cross-sections 

A preferred form of tiiis arrangement further comprises: ^ multi-layer microwave resonator in accordance witii a 

an odd plurality of intermediate pieces of dielectric mate- fifth embodiment of this invention; and 

rials are provided between the central piece and each pjQg ^^^j ^(^^ elevation and plan cross-sections 

end piece; ^ multi-layer microwave resonator in accordance with a 

each intermediate piece being formed from either tiie first g^^th embodiment of this invention. 

dielectric material or the second dielectric material; 

each intennediate piece having a length substantially BEST MODE(S) FOR CARRYING OUT THE 

commensurate with an odd integer multiple of one- INVENTION 

quarter wavelength of the desired operating frequency The embodiments are directed towards multi-layer micro- 

in whichever of the first or second dielectric material wave resonators which can be used in a variety of applica- 
said intermediate piece is formed from; go tions. The microwave resonators are intended to provide a 

the intermediate pieces provided between the central relatively high Q-factor and operate in a low order mode to 

piece and each end piece comprise alternate between an reduce spurious modes. The relatively solid constructions 

intermediate piece formed from the second dielectric reduces the vibrational sensitivity of the device, 

material and an intermediate piece formed from the first The first embodiment is directed towards a microwave 
dielectric material; 65 resonator 10 comprising a cavity 12 and a body 14 that is 

the intermediate pieces being arranged such that the formed from five pieces of dielectric material 16(a)-16(e) 

pieces of dielectric materials forming the body altemate stacked on top of each other, as shown in FIGS, la and lb. 
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The cavity 12 comprises a cylindrical wall 18 and two end The operating frequency of the microwave resonator 10 
sections 20(fl) and 2Q{b). The cylindrical wall 18 and the end can be tuned a follows. Firstly, coarse tuning can be 
sections 20(a) and 20(^) are formed from copper. In other achieved by selecting the axial length of each of the pieces 
embodiments, the wall and end sections may be formed from of dielectric materials 16(a)-16(e) as described above, 
other electrically conductive materials, or may have an inner 5 However, the machining process that creates the pieces 
surface coated with such a material. For best performance, 16(a)-16(e) is not accurate enough to achieve exact ^men- 
it is preferred that the electrically conductive material have sions. Thus, medium frequency tuning can be achieved by 
a low impedance, such as silver or copper. adjusting the diameter of the cylindrical wall 18, such as by 

The body 14 is provided within the cavity 12 coaxially machining. Fine adjustment of the operating frequency can 

with the cylindrical wall 18. The body 14 is held in place jq be achieved by temperature regulation, 

between tie end sections 20(a) and 20(£>). If desired. The second embodiment is shown in FIGS. 2(a) and lib). 

recesses of an appropriate shape may be formed in the end FIG. 2{b) is a cross-section through lines A — A in FIG. 2(a). 

sections 20(a) and 20(^) to more securely hold the body 14 The second embodiment is directed towards a multi-layer 

in position within the cavity 12. microwave resonator 110 of the same general form as the 

The cylindrical wall 18 is spaced from the body 14 in the microwave resonator 10 described in the first embodiment, 

embodiment to define an annular air filled or vacuum space Like reference numerals are used to denote like parts to 

22. those shown in the first embodiment, with 100 added 

The body 14 may be retained within the cavity 12 by thereto, 

holding it in compression between the end sections 20a and The multi-layer microwave resonator 110 differs from the 

20i» of the cavity 12. microwave resonator 10 in the first embodiment in that the 

Further, the pieces of dielectric material 16a-16e may be intermediate pieces 116(b) and 116{d) of rutile each have a 

heated so that adjacent pieces 16a-16c fuse together to form circular aperture 124 formed therein. The aperture 124 can 

a single body, though this is not essential. be left empty or filled with a very low loss, low dielectric 

Each of the pieces of dielectric material 16(a)-16(e) are constant dielectric material. It should be appreciated that the 

solid cylinders in shape in this embodiment. The piece 16(c) length of the pieces of dielectric material 116a-116e do not 

forms a central piece of the body 14, having pieces 16{b) ^5 ^^^^ necessarily have lengths exactly corresponding to a 

then 16(a) stacked on top of it and pieces 16id) and 16(e) multiple of a quarter or half wavelength, as appropriate, 

stacked below it. The pieces 16(a) and 16(e) form end pieces Rather, these values provide guides for construction of the 

of the body 14, with the pieces 16{b) an 16(^ being resonators. In some instances, it may be desirable to vary the 

intermediate pieces between the end pieces 16(a) and 16(e) ^^^^^ ^^^^ ^he pieces of dielectric material to opti- 

and the central piece 16(c). 30 ^^^^^ characteristics of the resonator. For example. 

The central piece 16(c) and the end pieces 16(a) and 16(e) resonator shown in FIGS. 2a and 2i> were entered into a 

are formed of sapphire as the dielectnc material in this ^^^^^^^ electromagnetic analysis tool, with parameters 

embo^ment. The mtermediate pieces 16(^) and 16(^ ^e ^ ^^j^^^^ ^^^^ 

formed wiU, mtde as the dielectric matenal m tins embodi- ^ characteristic to optimise was chosen 

ment. Rutile is known to have a higher dielectric constant 35 ,u 1^% J ^ * a*^ 1 . «f 

*u„« o« ;« ™io^;„« f»««c, ^;-i^.,f*^^ r.r.„ as the Q-factor of the resonator. After several iteratiors of 

than sapphire and so, m relative terms, the dielectric con- ^ . ^ -^..^-x^.r^rr. 

stant in 5ie bodv eoes as low high low high low In this a^^alysis, the structure with the highest Q-factor is that 

regard, whatisimportantisthattheielecWc™ ^^^^"j^ .^.TVw flJf^ of the end 

dielectric material from which the pieces 16{b) and 16(J) are P^^^^ substantially that of the centre piece, 

made from is higher than the dielectric constant of the 40 ^^^^ distnbution of electromagneUc 

dielectric material from the layers 16(a). 16(c) and 16(e) are energy within the (J-factor optimised resonator 110. 

made from, rather than their absolute values. The third embodiment is directed towards a multi-layer 

A further advantage of rutile as a dielectric material is that microwave-resonator 210. as shown in FIGS. 3(a) and 3{bl 

its temperature coefiBcient of dielectric constant is positive. reference numerals they used to denote like parts in 

whereas most other dielectric materials have a negative 45 ^^^^ ^ embodiment, with 200 added thereto, 

dielectric constant. When used in the body 14. the rutile in The microwave resonator 210 differs from the microwave 

pieces 16(*) and 16{d) act to offset the temperature coeffi- resonator 10 in the first embodiment in that the body 214 in 

cient of dielectric constant of the sapphire in pieces 16(a), this embodiment is fonned from nine pieces 216a-216i of 

16(c) and 16(e). This reduces the sensitivity of the resonator dielectric materials. In the current embodiment, the piece 

10 to temperature variations. 50 216e forms the central piece of the body 214, with inter- 

-nie length in the axial direction of each of the pieces of Pieces 216d, 216c, 216j; and finally end pi^ 216a 

dielectric materials 16(a)-16(e) is determined according to stacked on top of it and intermediate pieces 216/. 216g, 216/» 

the wavelength of a desired operating frequency within the and finally end piece 216i stacked below it. 

respective piece of dielectric material. In this regard, the The pieces 216a, 216c, 216e, 216g and 216i are fonned 

central piece 16(c) has an axial length corresponding with 55 from sapphire. The pieces 216b, 216d, 210/ and 216/i are 

one half wavelength at the desired frequency, the interme- formed rutile. Each of the pieces 216a-216^i and 216/-216i 

diate pieces 16(Zi) and 16(d) have an axial length corre- have an axial length commensurate with one quarter wave- 

sponding with one quarter wavelength of the desired length in the corresponding dielectric matenal. Increasing 

fi^uency. and end pieces 16(a) and 16(e) each have a length the number of layers offers a higher Q-factor. but at the 

conesponding with one quarter wavelength at the desired 60 expense of increased complexity of manufacture, 

frequency. Although the axial length of the cenfral piece CppceptuaUy, further pieces of dielectnc matenal can be 

16(c) can be any multiple of one half wavelength;' and the added to a body ad infinitum, but each subsequent piece 

axial length of pieces 16(a). 16(b\ 16(d) and 16(e) can be offers diminishing returns. 

any odd multiple of one quarter wavelength, it is preferred Further, in the microwave resonator 210 of the cunent 

that a single multiple is used to minimise spurious modes. It 65 embodiment, the cylindrical wall 18 abuts the body 214. 

also minimises the size of the device where space is at a The fourth embodiment is directed towards a microwave 

premium. resonator 310. shown in FIGS. 4(a) and 4(b), Like reference 
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numerals they are used to denote like parts to those used in 
the first embodiment, with 300 added thereto. 

The microwave resonator 310 in the current embodiment 
is of the same general form as the microwave resonator 10 
in the first embodiment, the only difference being that the 
diameter of the pieces 316a-316e are greater than the 
corresponding pieces 16a-16e in the first embodiment. 
Further, the wall 318 abuts the body 314 in this embodiment. 

The lines marked B in FIG. 4{a) offer an illustrative 
representation of the electro-magnetic field present in the 
resonator 310. 

The fifth embodiment is directed towards a microwave 
resonator 410, shown in FIGS. 5(a) and 5{b), like reference 
numerals they are used to denote like parts to those used in 
the second embodiment, with 300 added thereto. 

The microwave resonator 410 in the current embodiment 
is of the same general form as the microwave resonator 110 
in the second embodiment, the only difference being that the 
central piece 416c and the end pieces 416fl and 416e each 
have an aperture 480 formed centrally therein which extends 
through each piece. This arrangement may increase the 
Q-factor of the resonator 410 compared with the resonator 
110. 

The sixth embodiment is directed towards a microwave 
resonator 510, shown in FIGS. 6(a) and 6ib). Like reference 
numerals they are used to denote like parts to those used in 
the first embodiment, with 500 added thereto. 

The microwave resonator 510 in the current embodiment 
is of the same general form as the microwave resonator 10 30 
in the first embodiment, the only difference being that the 
body 514 is formed from seven pieces of dielectric material 
516a-516g. Thus, the end pieces 516a and 516g are formed 
from a dielectric material having a relatively high dielectric 
constant it should be appreciated that the scope of this 
invention is not limited to the particular embodiments 
described above. 

For example, the multi-layer microwave resonator can be 
made with more than 7 layers or less than 5, as desired. 
Further, the diameter of the pieces of dielectric material 
16(a)-16(e) can be adjusted according to requirements. 

Further, it is envisaged that an opening can be provided 
within the body 14, preferably within the central piece 16(c) 
to receive test substances therein in order to examine the 
effects of exposure to microwave energies. 

Further, it is envisaged that dielectric materials other than 
sapphire and rutile can be used. 

What is claimed is: 

1. A multi-layer microwave resonator, comprising: 
a cavity having an inner surface formed from an elecui- 

cally conductive material; 

a plurality of pieces of dielectric materials stacked on top 
of each other to form a contiguous body, the body being 
provided in the cavity; 

the body including a central piece of a first dielectric 
material having a relatively low dielectric constant, the 
central piece having a length substantially commensu- 
rate with an integer multiple of one-half wavelength of 
a desired operating frequency in the dielectric material; 

wherein the dielectric materials of the pieces are chosen 
such that the dielectric constant of the pieces alternate 
between a relatively high dielectric constant and a 
relatively low dielectric constant. 

2. A resonator as claimed in claim 1, wherein the dielectric 
materials of the pieces are chosen such that the thermal 
coefficient of dielectric constant of the pieces alternate 



35 



40 



45 



50 



55 



60 



65 



between a positive thermal coefficient of dielectric constant 
and a negative thermal coefficient of dielectric constant. 

3. A resonator as claimed in claim 1, wherein: 

the body is formed of three pieces of dielectric materials, 
arranged as a central piece of a first dielectric material 
and two end pieces of a second dielectric material, the 
central piece being provided between the two end 
pieces; 

the central piece of dielectric material having a length 
substantially commensurate with an integer multiple of 
one-half wavelength of a desired operating frequency 
in said first dielectric material; 

each end piece having a length substantially commensu- 
rate with an odd integer multiple of one-half wave- 
length of the desired operating frequency in the second 
dielectric material; 

the dielectric constant of the second dielectric material 
being greater than the dielectric constant of the first 
dielectric material. 

4. A resonator as claimed in claim 1, wherein: 

the body is formed of five pieces of dielectric materials, 
arranged as a central piece of a first dielectric material, 
two intermediate pieces of a second dielectric material 
and two end pieces of the first dielectric material, the 
central piece being provided between the two interme- 
diate pieces, the central piece and the intermediate 
pieces being provided between the two end pieces; 

the central piece of dielectric material having a length 
substantiily commensurate with an integer multiple of 
one-half wavelength of a desired operating frequency 
in said first dielectric material; 

each intermediate piece having a length substantially 
commensurate with an odd integer multiple of one- 
quarter wavelength of the desired operating frequency 
in the second dielectric material; 

each end piece having a length substantially commensu- 
rate with an odd integer multiple of one-quarter wave- 
length of the desired operating frequency in the first 
dielectric material; 

the dielectric constant of the second dielectric material 
being greater than the dielectric constant of the first 
dielectric material. 

5. A resonator as claimed in claim 4, wherein: 

an odd plurality of intermediate pieces of dielectric mate- 
rials are provided between the central piece and each 
end piece; 

each intermediate piece being formed from either the first 
dielectric material or the second dielectric material; 

each intermediate piece having a length substantially 
commensurate with an odd integer multiple of one- 
quarter wavelength of the desired operating frequency 
in whichever of the first or second dielectric material 
said intermediate piece if formed from; 

the intermediate pieces provided between the central 
piece and each end piece comprise alternate between an 
intermediate piece formed from the second dielectric 
material and an intermediate piece formed from the first 
dielectric material; 

the intermediate pieces being arranged such that the 
pieces of dielectric materials forming the body alternate 
between pieces formed from the first dielectric material 
and pieces formed from the second dielectric material. 

6. A resonator as claimed in claim 3, ftirther comprising: 
an even plurality of intermediate pieces of dielectric 

materials provided between the central piece and each 
end piece; 
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each intermediate piece being formed from either the first 
dielectric material or the second dielectric material; 

each intermediate piece having a length substantially 
commensurate with an odd integer multiple of one- 
quarter wavelength of the desired operating frequency 5 
in whichever of the first or second dielectric material 
the intermediate piece of formed from; 

the intermediate pieces provided between the central 
piece and each end piece comprise an equal number of 
intermediate pieces formed from the first dielectric 
material and intermediate pieces formed from the sec- 
ond dielectric material; 

the intermediate pieces being arranged such that the 
pieces of dielectric materials forming the body alternate ^ ^ 
between pieces formed from the second dielectric 
material and pieces formed from the first dielectric 
material. 

7. A resonator as claimed in any one on claims 6 to 5, 
wherein each intermediate piece formed from the second 
dielectric material has an aperture formed centrally therein. 

8. A resonator as claimed in any one of claims 6 to 5, 
wherein each intermediate piece formed from the first 
dielectric material has an aperture formed centrally therein. 
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9. A resonator as claimed in any one of claims 6 to 5, 
wherein the central piece has an aperture formed centrally 
therein. 

10. A resonator as claimed in any one of claims 6 to 5, 
wherein each end piece formed has an aperture formed 
centrally therein. 

11. A resonator as claimed in any one of claims 3 to 5, 
wherein the central piece has an operating formed therein for 
receiving test substance. 

12. A resonator as claimed in claim 1, wherein the first 
dielectric material is sapphire. 

13. A resonator as claimed in claim 1, wherein the second 
dielectric material is rutile. 

14. A resonator as claimed in claim 1, wherein the pieces 
of dielectric material are substantially cylindrical. 

15. A resonator as claimed in claim 1, wherein the cavity 
comprises a cylindrical wall and two ends, the body being 
contained between the ends of the cavity. 

16. A resonator as claimed in claim 15, wherein the 
cylindrical wall is spaced from the body. 

17. A resonator as claimed in claim 15, wherein the 
cylindrical wall abuts the body. 
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